Two closely related ribulose-1,5-bisphosphate carboxylase small subunit (SSU) genes, SRS1 and SRS4, are transcribed at high levels in soybean plants in response to light. Transgenic petunia plants containing 5' sequences from SRS1 or SRS4 fused to the polypeptide encoding region of a neomycin phosphotransferase (NPTII) gene exhibit selectable kanamycin resistance. Deletion of three ATG codons from the region preceding the normal NPTII translation start site has little effect on the levels of kanamycin resistance in transformed plants. Run-on transcription assays in isolated nuclei demonstrate that transcription of the SRS1/NPTII chimera and the native petunia SSU11A gene subfamily is light regulated and under phytochrome control in leaves of transgenic plants. In young expanding leaves of fully light grown plants, transcription of these genes is markedly reduced within minutes of far-red treatment, while ribosomal DNA and actin gene transcription remains unchanged. This is analogous to the transcriptional response we observed for SRS1 and SRS4 in soybean seedlings. These data suggest (1) that transcription of SSU genes in both soybean and petunia require the continued presence or synthesis of phytochrome in the P form and (2) that 5' sequences are sufficient to direct the phytochrome controlled transcriptional response of the SRS1 gene. In fully expanded mature leaves we found the transcription rates of the native SSU11A gene subfamily, the chimeric SRS1/NPTII gene, the rDNA genes, and several other control genes to be reduced markedly after far-red treatment or after extended periods of darkness. The contrast between results in young and mature leaves is discussed.
INTRODUCTION
The small subunit of the chloroplast enzyme ribulose-1,5-bisphosphate carboxylase (SSU) is transcribed in the nucleus and translated on cytoplasmic ribosomes (1) . It is encoded by a small multigene family in all plants examined (2, 3) . We have isolated two genes, SRS1 and SRS4, encoding SSU in soybean (2, 4, 5) . Both genes have been sequenced and partially characterized and have been found to share extensive homology at the nucleotide level, even in introns and flanking regions (4, 5) . SRS1 and SRS4 account for 3-4% of total transcription in nuclei from light grown soybean seedlings and approximately 80% of the SSU clones in a soybean leaf cDNA library (6) .
Evidence for light controlled transcription of SRS1 and SRS4 (4, 6) and small subunit genes from Lemna (7) and pea (8) has been provided by in vitro transcription experiments in isolated nuclei. Experiments with SSU genes from pea (9, 10, 11) and tobacco (12) and with the soybean gene, SRS1 (13, 14) , in transgenic plants and plants cells suggest that 5' flanking sequences control steady state mRNA and protein levels by acting as light inducible promoters and/or enhancers.
In this manuscript we report the use of run-on transcription assays in nuclei from transgenic petunia plants to demonstrate that a 754 bp fragment from SRS1, containing sequences from -694 to +60 (relative to the start of transcription), controls the transcription of a neomycin phosphotransferase (NPTII) gene in response to white and far-red light. The transcription of this SRS1/NPTII chimera, the native petunia SSU11A gene subfamily and several other control genes has been examined in young and old leaves.
MATERIALS AND METHODS

Transcription Run-on Assays in Petunia
Isolation and labeling of petunia nuclei was by the method of Berry-Lowe and Meagher (4) with the following exceptions. A large excess of dry ice was used as the leaves were powdered by 60 sec of grinding in a Braun coffee grinder. This material was thawed slowly, suspended in Honda buffer and filtered through cheesecloth. The initial homogenization step and pelleting of nuclei used for soybean (4) was omitted due to excessive shearing of petunia nuclei. Homogenization in liquid can result in greater than 99% loss of petunia nuclei. The filtrate (10 ml) was layered directly onto 18 ml Percoll gradients. The bottom layer was changed to 2.7M sucrose (3M sucrose containing 1/10 volume of 10X Gradient Buffer) to prevent pelleting of the petunia nuclei. Nuclei were washed once in 10-20 ml Honda buffer and once in 10-20 ml 20% nuclei resuspension buffer. Approximately 0.4 x 10 6 nuclei are present in each petunia leaf and typically 35% of these are recovered from the Percoll gradients. DNA dot blots were prepared by suction blotting of denatured DNA onto nitrocellulose as described in Berry-Lowe and Meagher (4).
All hybridizations using labeled RNA from these nuclei with filters were carried out at 56°C in 50% fonnamide and 5 X Denhardt's solution (15) . TATA. chimera. High levels of transcription are detected for the endogenous petunia SSU gene, SSU11A (19) and its closely related subfamily members (20) . We estimate that this subfamily accounts for approximately 5% of the total transcription. The UTP labeled RNA does not hybridize with plasmid pBR322 DNA.
PSRS2.1
ATG
pKC7-Bgill
In non-transformed control plants no NPTII or NOS transcription is detected (not shown).
Lt-Dk4Day
Lt--Dk 15'
Ok 2 hrs.
-NPTII- Fig. 3 plus petunia actin gene in pPAC2 (PAc2), petunia extensin-like gene in p2BamRl (HGRP1), and petunia glycine rich protein gene in p7D3-1200 (GRP1). The rDNA plasmid is present in 0.1 |jg amounts in the first dot, tenfold less than in Fig. 3 above. This allows the lower levels of transcription measured in mature leaves to be normalized to rDNA transcription. The petunia SSU plasmid is present in 1 pg amounts in the first dot. All other plasmids are present in 5 pg amounts in the first dot. Filters in each experiment were hybridized with equal counts of radioactive RNA from [a-32 P] UTP labeled nuclei isolated from plants grown in the light (Lt), grown in the light and placed in darkness for four days (Lt-»Dk 4 days), or grown in the light, treated for 15 min with far-red light and placed in darkness for 15 min (Lt->Fr->Dkl5') or 2 hours (Lt->Fr->Dk2hrs).
If these transgenic plants are treated with 15 minutes of far-red light and then placed in darkness for either 2 or 12 hours, transcription of the petunia SSU11A gene and subfamily the SRS1/NPTII chimeric gene are reduced to undetectable levels in young leaves, whereas rDNA transcription is essentially unaffected (Fig. 2) . Exposure of petunia plants to two hours of darkness with no far-red treatment has little effect on transcription levels in young leaves, parallel to what was observed in soybean seedlings. Light grown plants were placed in darkness for 4 days, reducing transcription of the native SSU11A gene subfamily and the SRS1/NPTII chimera in young leaves to the levels observed after 15 minutes of far-red light followed by 2 hours of darkness (Fig. 2) . Treatment with far-red light or 4 days of darkness result in at least a 32 and 128 fold reduction in transcription rate for the SRS1/NPTII chimera and the native SSU11A subfamily respectively. These data suggest that some or all of the sequences responsible for light regulation and phytochrome control of transcription of SRS1 (4) The construction of the gene chimera in pM0N141 resulted in the presence of three ATG codons following the transcription initiation site and preceeding the correct NPTII ATG initiation codon (Fig. 1) . The first of these is the ATG initiation codon for the SRS1 polypeptide. This and the second ATG, which is contained in the SRS1 coding sequence, are both in frame with the NPTII polypeptide, and are followed by an in-frame stop codon. The third ATG codon was created in the construction and is out of frame. Despite this potential for incorrect initiation, significant kanamycin resistance is obtained in plants containing the SRS1/NPTII chimeric gene. Protoplasts and leaf discs derived from pMON141 transformed plant cells will form shoots on media (17) containing 50 and 300 jJg/rol kanamycin, respectively, whereas protoplasts and leaf discs from control petunias fail to form shoots readily on media containing 30 and 150 pg/ml kanamycin, respectively.
The three additional upstream ATG codons were deleted by in vitro mutagenesis to produce pM0N259 (Fig. k ) . pMON259 contains the same sequence information as pMON141 except that it lacks the last 15 bp of the SRS1 mRNA leader and the extra ATG codons, and retains only 10 bp of the NPTII leader.
Tissue from petunia containing this construct is only slightly more resistant to kanamycin than is pM0N14l-transformed tissue.
A third construct, pMS7L (pMS7+) (Fig. 4) , has been made in which the SRS1 upstream promoter region in pM0N259, up to a Hindlll site 9 bp prior to the start of transcription, has been replaced with a homologous 5 1 upstream
Hindlll fragment (-672 to -9) from SRS4 (5). This construct retains the SRS1 mRNA leader sequences present in pMON259. The SRS4 5' promoted NPTII chimera also allows for regeneration and growth on media containing 300 fjg/ml kanamycin. Regeneration and growth on this level of kanamycin is indistinguishable from that of pMON259 transformed tissue. 
